INTRODUCTION
Pulmonary complications such as atelectasis, secretion retention and nosocomial pneumonia are common in intubated and mechanically ventilated patients (Ntoumenopoulos et al, 1998) . Mechanical ventilation leads to reduced functional residual capacity, increased ventilation: perfusion mismatching, decreased compliance and a reduction in surfactant (Scanlan et al, 1995; Jones, 1997) .
Several research articles have been published evaluating the role of physiotherapy in the intensive care unit (ICU). The aims of physiotherapy management of patients in the ICU are to prevent complications by improving mucociliary clearance and alveolar expansion, to maintain or improve cardiopulmonary function and to maximize musculoskeletal performance and oxygenation (Ciesla, 1996; Jones, 1997; Denehy 1999) .
The effectiveness of manual hyperinflation as an adjunct to standard respiratory physiotherapy management of patients in the ICU to re-inflate collapsed lung regions, to improve gas exchange and respiratory compliance and to assist with the removal of secretions, have been proclaimed by numerous authors (Stiller et al, 1990; Rothen et al, 1993; Barker et al, 1994; Maxwell et al, 1998; McCarren et al, 1998; Hodgson et al, 2000; Berney et al, 2002) . However, despite this evidence, to influence the delivered tidal volumes and pressures (Denehy, 1999) . The Laerdal circuit is the resuscitation circuit used most frequently in South African hospitals.
Atelectasis is common in intubated and ventilated patients. The reasons for the atelectasis are multifactorial and include low volume ventilation strategies. Atelectasis, if prolonged, may lead to hypoxaemia, pulmonary infection and fibrosis. In addition, loss of lung volume and atelectasis lead to a progressive reduction in pulmonary compliance making ventilation more difficult (Berney et al, 2002) . It is proposed that the reduction in functional residual capacity is caused by the loss of respiratory muscle tone during mechanical ventilation and by the compression of the dependent parts of the lungs rather than by the absorption of gas behind the closed airways (Rothen et al, 1993) .
In a study done by Stiller in 1990 was more effective than a simple physiotherapy treatment in resolving acute lobar atelectasis. Patients in group 1 received treatment incorporating positioning, vibrations, manual hyperinflation and suctioning. Patients in group 2 were treated with manual hyperinflation and suctioning alone. Although this study was restricted in patient numbers, the authors found that during the initial stages of acute lobar atelectasis, a basic physiotherapy treatment of manual hyperinflation and suctioning was enhanced by the addition of positioning and vibrations (Stiller et al, 1990) . In a follow-up study done by Stiller in 1996 the researchers compared five physiotherapy regimens in the treatment of acute lobar atelectasis. The results suggested that modified postural drainage was an effective additional component to manual hyperinflation and suction performed hourly for 6 hours (Stiller et al, 1996) . Because of the potential complications of persistent atelectasis, an aggressive approach to its treatment is advocated.
CASE HISTORY
A 34-year old male was admitted to the casualty department of a government hospital in the Johannesburg region, on 10/08/2003, after being assaulted. He sustained severe facial lacerations with resultant facial oedema and presented with a very low Glascow Coma Scale (GCS) rating (medical records did not state the exact score). A computedtomography examination revealed no cerebral oedema or facial fractures and the aortic arch angiogram was normal. The patient was admitted to one of the hospital wards for observation and standard nursing care. No referral was made to physiotherapy at this time. Four days after admission the patient's GCS was still low and he suddenly developed severe respiratory distress. The patient was intubated and admitted to the Intensive Care Unit (ICU).
PHYSICAL EXAMINATION
Following intubation, examination of the chest x-ray revealed a total collapse of the right lung with the endotracheal tube situated at level T2 (see Figure 1 ). See Table 1 for arterial blood gas results at 08:00 hours on Thursday, 14/08/2003. This indicated a severe hypoxaemia with respiratory acidosis. The ventilation mode was set at pressure control with a peak airway pressure of 33 cmH 2 O, positive end-expiratory pressure (PEEP) of 10 cmH 2 O, pressure support of 20 cmH 2 O and a ventilation rate of 20 breaths/min. The patient was lying in supine with his head elevated to 30º to reduce the facial oedema. The patient was sedated with morphine and dormicum. Chest wall asymmetry was present with no expansion on the right side. Auscultation to the right lung revealed no breath sounds in the anterior, lateral or posterior lung segments.
INTERVENTION
The first physiotherapy treatment session started at 08:30. The patient was positioned in left side lying, maintaining the head elevation at 30º. Chest percussions and vibrations were applied to the posterior and lateral segments of the right lung for 5 -7 minutes. Thereafter manual hyperinflation was performed through a Laerdal resuscitation circuit for 5 minutes whilst the nursing sister prepared for suctioning. An oxygen flow rate of 15 L/min and a PEEP valve = 10 cmH 2 O were used for the manual hyperinflation treatment. The PEEP valve was used to prevent further hypoxaemia whilst the patient was disconnected from the ventilator. The manual hyperinflation technique consisted of an inspiratory phase that was followed by a 2-second inspiratory pause followed by expiration which was unobstructed. The patient was suctioned in the left side lying position, whilst a second physiotherapist applied chest wall shaking to the posterior and lateral lung segments during expiration to facilitate optimal secretion clearance. Twenty milliliters of saline was installed, at 5 millilitres per installation, into the endotracheal tube during the suctioning procedure, to enhance secretion removal. Manual hyperinflation was administered intermittently during this suctioning procedure, which lasted approximately 5 minutes. Copious amounts of yellow-orange coloured secretions were removed on suctioning. The treatment session lasted for 20 minutes and no changes in cardiovascular status were noted throughout the treatment. Following the treatment, the patient was reconnected to the ventilator and left in left side lying for another 30 minutes to promote ventilation of the right lung. This same treatment regimen was repeated at 11:00 and 14:30 on the same day.
OUTCOME
The assessment after the first treatment revealed that chest wall expansion of the upper and mid-lung regions of the right lung had improved significantly but reduced expansion was still present in the lower regions of the right lung. Auscultation revealed improved breath sounds in the apical, anterior and posterior segments of the right upper lobes and the right middle lobe and was reduced in the lower lobes.
The arterial blood gas results taken at 10:00, 12:00 and 16:00 on 14/08/2003 and for 08:00 and 10:00 on 15/08/2003 indicated a marked improvement between the first two treatments and then plateaued (see Table 1 ). The ventilator parameters are displayed in Table 2 . The chest x-ray taken at 09:00 on Friday, 15/08/2003 (see Figure 2) , showed the right lung fully re-inflated with an area of consolidation in the right upper lobes. On physiotherapy assessment of the chest the next day (15/08/2003), the chest wall symmetry was restored and auscultation revealed normal breath sounds throughout the right lung with no added sounds found.
DISCUSSION
The use of manual chest therapy techniques in a modified postural drainage position together with manual hyperinflation, saline installation and suctioning proved to be beneficial to this patient with regards to re-inflation of the collapsed lung and improved oxygenation and ventilation. The cause of the atelectasis is speculated to be aspiration. This conclusion was made from the gastriclike contents that were removed from the lungs during physiotherapy treatment. This possible aspiration probably led to the patient's sudden deterioration on the ward. The patient's depressed level of consciousness on the ward most likely inhibited his ability to protect his airway. Saliva and other oral contents could have leaked into the lungs due to depressed swallowing reflex. The patient was fed through a nasogastric tube on the ward but it is not clear whether he received gastric suctioning. The absence of gastric suctioning could have led to raised intra-abdominal pressure due to collection of fluid in the stomach, causing gastro-oesophageal reflux and the possibility of aspiration into the right main bronchus whilst being nursed in side-lying, can thus not be excluded (Hough, 2001) . The ventilation data indicates that the patient was being weaned from mandatory ventilation to intermittent mandatory ventilation by 15/08/2003 due to the great improvement in oxygenation and ventilation. The patient received a tracheostomy two days later to assist in the weaning process. Five days later the patient was weaned onto a T-piece and was transferred to the high-care unit. At the time of writing this report (three weeks later), the patient had not regained a normal level of consciousness and his attending physician was raising the possibility of axonal hypoxia as a possible cause for his low Glasgow Coma Scale rating. The reduction in the amount of time spent on mechanical ventilation was beneficial to the patient with regards to reduced risk of contracting nosocomial infections. A reduction in the amount of days spent on mechanical ventilation also helps to reduce costs for the intensive care unit and the hospital.
SUMMARY
The drastic improvement in oxygenation after the first treatment and the resolution of the atelectasis of the right lung within 24 hours, indicates the effectiveness of early physiotherapy treatment for patients with atelectasis and/or aspiration in the intensive care unit. The addition of manual hyperinflation as an adjunct to physiotherapy treatment was proved to be safe and effective. A limitation of this case report is that a manometer was not used in the manual hyperinflation circuit to monitor the amount of airway pressure generated through the lungs during the physiotherapy treatment sessions. The use of a manometer is not standard practice in this specific hospital's ICU. In 1999, Hodgson did a survey of manual hyperinflation in Australian hospitals and found that only 31% of physiotherapists used a manometer in the resuscitation circuits to monitor airway pressure during manual hyperinflation.
The findings of this case report confirm results from previous studies regarding the effectiveness of manual hyperinflation as an adjunct to physiotherapy treatment and the effectiveness of physiotherapy management of patients that suffer from acute atelectasis and/or aspiration. Barker stated in 1994 that "manual hyperinflation should not be (VOL 59 NO 4) 
